SUMMARY The DNA content of erythropoietic cells from 10 patients with refractory anaemia (RA) with megaloblastic changes, who subsequently developed acute non-lymphoblastic leukaemia (ANL), and from seven patients with megaloblastic marrow aspirates due to pernicious anaemia were compared by DNA image cytometry. The DNA distribution, the rate of aneuploid cells exceeding 5c (5cER), and the square deviation index of DNA values from the normal 2c-peak (2cDI) were recorded. Both variables were of diagnostic and prognostic importance for epithelial tumours, malignant lymphomas, and dysplastic lesions. A rate of 5cER>0 was found in eight of 10 myelodysplastic, but in none of seven control cases. Hypodiploidy was equally pronounced in both groups of patients. The 5cE had the highest discriminative value of all variables calculated. The 2cDI was not significantly different in either group. In pernicious anaemia the 2cDI depended mainly on the percentage of S cells, reflecting the defect of DNA synthesis. In RA with megaloblastosis the 2cDI correlated with the percentage of G2 cells, reflecting G2 arrest. In the myelodysplastic group the 2cDI correlated positively with the length oftime until ANL developed, indicating the prognostic relevance of 2cDI. Our findings show that in megaloblastic anaemia DNA image cytometry can distinguish myelodysplasia from pernicious anaemia and that it also provides prognostic information.
SUMMARY The DNA content of erythropoietic cells from 10 patients with refractory anaemia (RA) with megaloblastic changes, who subsequently developed acute non-lymphoblastic leukaemia (ANL), and from seven patients with megaloblastic marrow aspirates due to pernicious anaemia were compared by DNA image cytometry. The DNA distribution, the rate of aneuploid cells exceeding 5c (5cER), and the square deviation index of DNA values from the normal 2c-peak (2cDI) were recorded. Both variables were of diagnostic and prognostic importance for epithelial tumours, malignant lymphomas, and dysplastic lesions. A rate of 5cER>0 was found in eight of 10 myelodysplastic, but in none of seven control cases. Hypodiploidy was equally pronounced in both groups of patients. The 5cE had the highest discriminative value of all variables calculated. The 2cDI was not significantly different in either group. In pernicious anaemia the 2cDI depended mainly on the percentage of S cells, reflecting the defect of DNA synthesis. In RA with megaloblastosis the 2cDI correlated with the percentage of G2 cells, reflecting G2 arrest. In the myelodysplastic group the 2cDI correlated positively with the length oftime until ANL developed, indicating the prognostic relevance of 2cDI. Our findings show that in megaloblastic anaemia DNA image cytometry can distinguish myelodysplasia from pernicious anaemia and that it also provides prognostic information. Results of DNA image cytometry and morphological evaluation are given in the table. 5cER was greater than 0 in eight of 10 cases of MDS and in none ofseven control cases. The difference was significant (p < 0 0023). 5cER is therefore a possible diagnostic indicator of hyperdiploid aneuploidy, which was found only in MDS. Hypodiploidy, on the other hand, which is not included in this index, was also present in pernicious anaemia (cases 3 and 7). Hypodiploidy did not discriminate MDS from control cases. A diagnostic value of other variables calculated from the DNA histograms, as 2cDI, 4n%, (2n-4n%), (2n-4n)% + 4n%, and (2n-4n)/4n was not evident. There was also no correlation of morphological nuclear abnormalities, either to the final diagnosis (p < 0 5) or to 5cER (p < 0-5).
The 2cDI, as well as the percentages of (2n-4n) cells and 4n cells, were highly variable in pernicious anaemia and in MDS. In the group with pernicious anaemia 2cDI was negatively correlated with (2n-4n)/ 4n (p < 0.01). (2n-4n)/4n showed a positive correlation with (2n-4n) (p < 0-001) and (2n-4n)/4n (p < 0.005). There was no correlation between 2cDI and the percentage of hypodiploid cells. In MDS 2cDI was negatively correlated with (2n-4n)/4n (p < 0-001). In MDS 2cDI was positively (p < 0 05), and (2n-4n)/4n negatively (p < 0-005) correlated with 4n%. 2cDI was also positively correlated with 5cER (p < 0.001) and negatively with hypodiploidy (p < 0-05).
To find out whether there was a prognostic implication to be derived from any DNA variable, data were correlated with the time interval between initial cytological diagnosis and the date of transformation to ANL (transformation time). As a result, 2cDI was the only variable that correlated with transformation time (p < 0-05); all other DNA variables, morphological nuclear abnormalities, as well as FAB criteria showed no correlation with prognosis. Representative histograms of two cases of MDS with different transformation time intervals are shown in the figure.
Discussion
Among the myelodysplastic syndromes the risk of developing ANL is particularly indeterminate for those classified as RA or acquired idiopathic sideroblastic anaemia (AISA). This is partly due to the difficulty in discriminating them from secondary changes. Since MDS has been shown to be of a clonal nature,'7'0 an early indicator of developing clonality would be helpful. Aneuploidy of the pathological clone may be used as a marker, but small aneuploid clones of low mitotic activity with minor Auffermann, Fohlmeister, Bocking chromosomal aberrations may escape detection by cytogenetic methods or DNA flow cytometry.' 3 2 In our study we used DNA image cytometry to discriminate RA with megaloblastosis from pernicious anaemia. Only erythropoietic cells were measured and only values exceeding 5c were accepted as abnormal (5cER > 0). Using this algorithm, eight of 10 RA cases with megaloblastosis and subsequent development of ANL exhibited an abnormal DNA distribution pattern, which was not seen in any of the seven control cases with pernicious anaemia. Compared with 40-50% of MDS cases with cytogenetic abnormalities,30 the sensitivity of this method in discriminating clonal disease from deficiency states seems to be high. This is due to the fact that even small numbers of aneuploid cells are detected, irrespective of their mitotic activity. It might Value ofDNA image cytometry in MDS 607 be worth while knowing if computing the 5cER in granulopoietic and megakaryopoietic cells would result in a further increase of the sensitivity of DNA image cytometry.
Surprisingly, hypodiploidy, which was recorded separately, was of no diagnostic relevance. Hypoploidy was also present in pernicious anaemia, probably due to the defect of DNA synthesis in these cases. 5cER, which only recognises hyperdiploid but not hypodiploid aneuploidy, can therefore be regarded as the most adequate diagnostic DNA variable.
Our second algorithmic variable, 2cDI, was of no discriminative value for the diagnosis of MDS because the values varied within the same range in MDS and in pernicious anaemia. Once the diagnosis of MDS is established, however, 2cDI might help define the prognosis. In our study the time span to development of ANL (transformation time) was positively correlated with 2cDI. Low 2cDI values indicated imminent leukaemic transformation; high 2cDI values were associated with a longer stable course. For diagnostic purposes we chose only cases which were retrospectively verified as MDS by the later development of ANL. As patients with true MDS may succumb to infection or bleeding without manifestation of leukaemia our results, which indicate the prognostic relevance of 2cDI, may be biased. The prognostic implication of this index therefore needs confirmation in a prospective study.
2cDI was influenced by cell cycle variables. In pernicious anaemia the index was indirectly dependent on the fraction of S cells (2n-4n%), reflecting a variable prolongation of the S phase due to the defect of DNA synthesis. In MDS, however, 2cDI was positively correlated with the fraction of G2 cells (4n%) but not with the fraction of S cells, though both variables were increased. As has been shown earlier,'3 an increase of the G2 fraction of erythropoietic cells is mainly found in the RA and AISA subtypes of MDS, and is due to a large amount of G2 arrested cells.
In conclusion, in patients with megaloblastic anaemia DNA image cytometry distinguishes MDS from secondary changes due to pernicious anaemia and also provides valuable prognostic information in MDS. The algorithm reported here may be of importance for clinical routine diagnosis. 
